ABSTRACT
INTRODUCTION
Obesity is a major health issue around the world (1) . In healthy teenagers obesity and physical inactivity are the two main factors that affect respiratory function (2) (3) (4) (5) . Previous studies show that obesity has a direct effect on the function of respiratory system by altering lung volume, airway caliber and respiratory muscle strength (6) . Followup studies described an association between the level ORIGINAL ARTICLE of physical activity and respiratory function (7) . Forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1) are strong indicators of lung function, which decline due to obesity and sedentary life style (6, 8) . Research indicates that men who remained in the active life style during the follow-up (19 months) showed 50 ml improvement in their FEV1 and 70 ml in their FVC, whereas subjects who remained in sedentary life style had 30 and 20 ml reduction in their FEV1 and FVC, respectively (9) .
These observations suggest that young overweight and obese subjects with sedentary life style are at a higher risk for deterioration of their respiratory indices and may be at risk for developing chronic obstructive pulmonary disease in adulthood. Hence, appropriate interventions, such as prescribed physical activity programs, may prevent lung function deterioration in these young subjects.
Previous studies provide conclusive evidence that supervised physical activity like yoga and Tai Chi Chuan exercise can improve lung function in men and asthmatic children (10, 11) . Radovanovic et al. reported FVC and FEV 1 enhancement after programmed physical activity in preadolescents (12) . Courteix et al. found that intensive swimming prepuberty enhances static and dynamic lung volumes (13) . Khalili et al. showed that an 8-week program of aerobic exercise can improve lung function in children with intellectual disability (14) .
On the other hand, among obese males and females, a reduction in fat mass has been found to be associated with an increased lung volume (15) . It is unclear, whether aerobic exercise can improve lung function in obese and overweight subjects with normal respirometry measures, but FVC and FEV1 significantly lower than the predicted values.
This study aimed to determine the effect of continuous treadmill running on lung function (FVC and FEV 1 ) in overweight and obese students whose FVC and FEV1 were significantly lower than the predicted values.
MATERIALS AND METHODS

Subjects
A total of 560 male high school students from Zanjan (Iran) were initially assessed by participating in 1 km run/walk test. According to the results of the test 128 participants had poor endurance performance (run time >7minutes) out of which, 47 were overweight (BMI>25) or obese (BMI>30). A subgroup of 30 out of these 47 overweight or obese students was selected as under study subjects and written informed consent was obtained from them. Inclusion criteria were FEV 1 and FVC significantly (p<0.05) lower than the predicted values, FEV 1 >90% predicted and FVC>80% predicted, physical inactivity at least for two years before this study, no lung infection or smoking history. The exclusion criterion was presence of airway hyperresponsiveness.
These 30 students were divided into 2 equal groups and were matched for age, height, BMI, FVC, FEV 1 and maximum voluntary ventilation (MVV). Then these groups were randomly assigned into control (3 obese subjects with BMI>30, 12 overweight subjects with BMI>25, age: 16 After 5 minutes of stretching exercise, the subjects were required to perform 1 km Run/Walk test in the fastest time possible, on a 400-meter track. Total time taken to complete the distance was recorded in minutes and seconds (16) . Walking was permitted but not encouraged in this study. Participants with run time more than 7 minutes were considered to have poor endurance (16) .
Modified exercise test
In this study, using a motorized treadmill (COSMED, Italy) a modified exercise test was carried out by the intervention group to exclude airway hyper-responsiveness (17) . Heart rate was monitored with a Polar heart rate device. The subjects ran continuously for 15 minutes on the treadmill (%0 incline) and at a minimum speed required to achieve / maintain 75-85% of predicted maximum heart rate (max HR=220-age [year]). Post exercise FEV1 was measured 1, 7, and 15 minutes after the exercise and the percentage of changes from baseline was calculated. Measurements were considered abnormal, if FEV1 decreased 10% or more from the baseline value (17) . No significant change was observed in subjects of the intervention group.
Exercise training protocol
The intervention group participated in the exercise training program which was composed of 24 weeks (3 days a week) of continuous treadmill running (grade=0%), at a minimum speed required to achieve / maintain 75-85% of predicted maximum heart rate. The running time was 15 minutes at the first session, increasing by one minute every 2 sessions up to a maximum of 30 minutes. Once the running time reached 30 minutes, it was maintained till the final session. The speed of running was adjusted according to target heart rate zone (75-85% HR max). A warm up period of 10 minutes was allocated prior to the start of each exercise session.
Anthropometric and spirometric measurements
In this study, weight was measured using a digital scale (kg), height was measured by stadiometer (cm) and adiposity was assessed by calculating body mass index (BMI=weight/height2 [kg/m 2 ]).
Respiratory function parameters were measured by experienced technicians using the SpirolabIII Spirometer (MIR, Roma, Italy) in accordance with the recommendations of the SpirolabIII user manual (18) . Subjects rested for 15 minutes before measurements and were informed about the procedure. After appropriate placement of mouthpiece and nose clip, each subject was asked to do a forced quick expiration after maximum inhalation. After doing at least three acceptable and repeatable FVC maneuvers, the largest FVC, MVV and FEV 1 were recorded after examining the data from all of these attempts (19) . FVC, FEV 1 , MVV, height, weight and BMI were measured pre, mid (12 th week) and post (24 th week) exercise in both groups.
Measurement of FEV 1 reflects conductive / resistive properties of the large airways (20) , FVC is related to the contractility of the expiratory muscles and MVV is correlated with the respiratory muscle performance (20) . All the volumes were reported in BTPS (Body Temperature and Pressure Saturated (21) . ECCS set of equations were used by Spirolab III to calculate the predicted / reference values according to the ERS guidelines (21) .
Statistical analysis
In this study, the values are reported as mean ± standard deviations. Statistical analysis was conducted using SPSS software version 15. Independent t test, paired t test, Repeated Measure and post hoc tests of Least Significant Difference (LSD) were also used. In both groups association of BMI and MVV changes with FVC and FEV 1 changes were assessed by Pearson's Correlation test.
Normality of distributions of all variables was verified by Kolmogorov-Smirnov test, and differences were considered significant at p<0.05. Table 1 shows the anthropometric characteristics and baseline respirometry data of the control and intervention groups at the beginning of the study. Data showed that the 2 groups had no significant difference in any measurement. Independent t test showed that the pre exercise FVC, and FEV 1 were significantly (p<0.05) lower than the predicted values in both groups (control: p=0.00 for FVC and P=0.03 for FEV 1, intervention: p=0.00 for FVC and p=0.00 for FEV 1 ) ( Table 2) . In the intervention group, FVC (FVC post -FVC pre) and FEV 1 (FEV 1post -FEV 1pre ) improvements were positively and significantly associated with MVV improvement (MVV post -MVV pre ) but not with BMI change (Table 4) . As shown in Table 3 , there were no significant differences between groups in the pre, mid and post exercise FVC, FEV 1 , BMI, height and weight .In both groups, the post exercise FVC and FEV 1 were significantly lower than the predicted values (control:
RESULTS
p=0.00 for FVC and p=0.00 for FEV 1 , intervention:
p=0.00 for FVC and p=0.00 for FEV 1 ).
DISCUSSION
In this study, we investigated the effect of 24 weeks of continuous treadmill running (3 days a week) on FVC and FEV 1 values of the inactive, overweight or obsess students.
In the intervention group, we found significant Small sample size and being unable to use Body Box for respiratory measurements were the limitations of this study. Our study results need to be confirmed in a larger group in future studies using a Body Box.
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